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&ZLWKRXWDQ\GHIRUPDWLRQDQGR[LGDWLRQ'HULQJHUHWDO 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7KHUHE\7L$OFRDWLQJV
LPSURYH WKH SHUIRUPDQFH RI WRRO PDWHULDOV ,Q UHFHQW \HDUV SXOVHG ODVHU GHSRVLWLRQ %DWLVWD HW DO  DQG
VSXWWHULQJ WHFKQLTXHV 7RQJERZHL HW DO  DUH EHLQJ ZLGHO\ XVHG WR REWDLQ WKH FRDWLQJ RI UHTXLUHG 7L$O
FRPSRVLWLRQ.REU\QDQG6HPLDWLQ,WLVNQRZQWKDWQRPDWWHUZKDWWHFKQLTXHRI39'LVXVHGIRUGHYHORSLQJ
WKH ILOPV WKH SDUWLFXODU FRPSRVLWLRQ QDPHO\ 7L   $O RI WZR HOHPHQWV \LHOG GHVLUHG PHFKDQLFDO DQG
HOHFWULFDO3HWUL9XRULVWRDQG-RUPD9LKLQHQSURSHUWLHV+HUHZHKDYHXVHGWKHUHDFWLYHWKHUPDOHYDSRUDWLRQ
WHFKQLTXH IRU WKH GHSRVLWLRQ RI ILOPV 7KH RYHUDOO DLP RI WKLV ZRUN LV WR GHWHUPLQH WKH HIIHFW RI FHUWDLQ SURFHVV




RQ JODVV DQG RWKHU VXEVWUDWHV 6XGKHHQGUD HWDO  DORQJ ZLWK VWXGLHV DV GLVFXVVHG LQ WKLV SDSHU 7KH\ DOVR






DOXPLQLXP VWDLQOHVV VWHHO DQG FRSSHU PP[PP[ PP VXEVWUDWHVZHUHXVHG IRU GHSRVLWLRQRI ILOPV 7KH
JODVVVXEVWUDWHVZHUHFOHDQHGZLWKVRDSVROXWLRQFKURPLFDFLGGLO+)DQGDFHWRQHZKHUHDVWKHDOXPLQLXP
VWDLQOHVV VWHHO DQG FRSSHU VXEVWUDWHVZHUH FOHDQHG E\ VRDS VROXWLRQ HOHFWUR SROLVKLQJ DQGPHWKDQRO 7KH FOHDQHG
VXEVWUDWHVZHUHGULHGEHIRUHNHHSLQJWKHPLQYDFXXPV\VWHP7KHILOPGHSRVLWLRQVZHUHFDUULHGRXWE\WDNLQJWKH




RI OHQJWKPP7KHQ WKH SRZGHU FRPSDFWHG URGVZHUH VLQWHUHG LQYDFXXP IRU VL[KRXUV DW & WRREWDLQ
KRPRJHQHRXV 7L$O URG7KH VFDOHV IRUPHG RQ WKH VXUIDFHV ZHUH UHPRYHG E\PHFKDQLFDO SROLVKLQJ DQG XVHG DV
VRXUFHPDWHULDOVIRUILOPGHSRVLWLRQ
7KH YDFXXP FKDPEHU ZDV HYDFXDWHG WR OHVV WKDQ [ WRUU:KHQ GHVLUHG YDFXXPZDV UHDFKHG WKH VRXUFH













 ;5D\DQDO\VLVDQG0LFUR  KDUGQHVVWHVW
7KHFRDWHG VDPSOHVZHUHFXW LQWRPP[PPVL]H IRU; 5D\DQDO\VLV 7KH;5D\V IURPFRSSHU.Į N9
P$ZLWKD.ȕ ILOWHUZDVXVHGIRUDQDO\VLV7KHGLIIUDFWLQJDQJOHVZHUHVHWIURP  WR ZLWKDVFDQQLQJVSHHG
RIPLQLQFRQWLQXRXVPRGH 0LFURVWUXFWXUHRIWKHFRDWHGVDPSOHVZDVVWXGLHGXVLQJ2SWLFDO0LFURVFRS\DVZHOO
DV-(2/ 6FDQQLQJ(OHFWURQ0LFURVFRS\ 0LFURVWUXFWXUHRI WKH VDPSOHVDVGHSRVLWHGDVZHOODVDIWHUHWFKLQJ
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ZDVWDNHQ 7KHKDUGQHVVRIWKHILOPVXEVWUDWHZDVPHDVXUHGXVLQJ&/(0(;PLFURKDUGQHVVWHVWHU(TXLSSHGZLWK
VWDQGDUG9LFNHUVS\UDPLGDOLQGHQWHURIIDFHDQJOH2QHDFKVDPSOH LQGHQWDWLRQVZHUHPDGHIRUHDFKORDG
UDQJLQJ IURP JI WR JI DW GZHOO WLPH VHF 7KH KDUGQHVV FDOFXODWHG DV WKH UDWLR RI WKH DSSOLHG ORDG WR WKH




7KH ILOPVZHUHGHSRVLWHGRQ VXEVWUDWHV DW UDSLG & PLQPRGHUDWH & PLQ DQG VORZ & PLQ







GHSRVLWHG ZDV KDYLQJ JRRG DGKHVLRQ DQG WKH ILOP WKLFNQHVV ZDV XQLIRUPO\ GLVWULEXWHG RYHU WKH VXEVWUDWH UHJLRQ





 2SWLFDO89 ± 9LVLEOHVSHFWURVFRS\
7KH WUDQVPLWWDQFH VSHFWUD RI WKH 7L$O WKLQ ILOP LV VKRZQ LQ WKH ILJ >@ 2QH FDQ VHH WKDW DW  QP WKH































EHORZ  c WKH OLQHDU EHKDYLRXU ZDV QRW REVHUYHG )LJ  7KLV FRXOG EH PDLQO\ GXH WR WKH SUHVHQFH RI
GLVFRQWLQXLW\LQWKHGHSRVLWHGILOP
7KHPHDVXUHGUHVLVWLYLW\YDOXHZDVKLJKHUWKDQWKDWRIWKHSXUH7LDQG$OWKLQILOPVDPSOHV7KLVLQGLFDWHVWKDW

























 ; ± 5D\ $QDO\VLV
;5D\ DQDO\VLVZDVSHUIRUPHGRQ WKH FRDWLQJVGHSRVLWHGRQWR YDULRXV VXEVWUDWHV7KH;5D\ DQDO\VLV VKRZHG
WKDW WKHSKDVH IRUPHGFRQWDLQVDFRPELQHGSKDVHVRI7L$O 7KHG VSDFLQJ RI WKHDVGHSRVLWHG ILOP ZDVQP
ZKLFKQHDUO\PDWFKHGWKHWKHRUHWLFDOYDOXHV2WKHUUHVHDUFKHUVDOVRLQYHVWLJDWHGWKLVFRPELQHG7L$OSKDVH7UDFHV
ZHUHDOVRWDNHQDIWHUKHDWWUHDWPHQWRIWKHVHFRDWLQJVWRLGHQWLI\LIDQ\FKDQJHVLQVWUXFWXUHKDGRFFXUUHG7KH;
5D\ SDWWHUQ FDQ EH VHHQ LQ IROORZLQJ )LJ 7KHPDLQ SHDNV IRU WKH WUDFHV RI VDPH SDWWHUQ IRU DV GHSRVLWHG DQG
DQQHDOHG DUH OLVWHG LQ WKH IROORZLQJ 7DEOH 7KH PDMRULW\ RI SKDVHV LGHQWLILHG LQ DOO FDVHV ZDV 7L$O ZLWK D
FRPSRVLWLRQRIaDWDOXPLQLXP+RZHYHUGXHWR DQQHDOLQJ WKHJUDLQJURZWKDQGUHFU\VWDOOL]DWLRQKDYHWDNHQ
SODFH7KXVWKHJUDLQVVKRZHGPRUHUDQGRPRULHQWDWLRQFRPSDUHGWRWKHDVGHSRVLWHGVWUXFWXUH7KHSHDNVIRUWKH
DQQHDOHG VDPSOHV DUH VKDUSHU LQGLFDWLQJ D ODUJHU JUDLQ VL]H7KH DVGHSRVLWHG FRDWLQJ KDVYHU\ ILQH JUDLQVZLWK D
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7KH ILOPVGHSRVLWHGE\XVLQJVHSDUDWH7LDQG$O VRXUFHV VKRZHGJRRGFKDUDFWHULVWLFVRI7L$O LQWHUPHWDOOLFV
7KH\FRPELQHGQHDUO\LQVDPHFRPSRVLWLRQDVREVHUYHGLQSKDVHGLDJUDPV7KHUHZDVDFU\VWDOVWUXFWXUHYDULDWLRQLQ
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WKHGHSRVLWHG7L$OWKLQILOP LQVRPHUHJLRQV (YHQWKRXJKWKHVHDUHEULWWOHLQQDWXUHWKH\H[KLELWHGDJRRGDGKHVLRQ
WR VXEVWUDWH ZLWKRXW DQ\ FUDFNLQJ RU SHHOLQJ RI WKH ILOP ZKHUHDV LQ SRZGHU FRPSDFWHG VDPSOH VRXUFH WKH ILOP
GHSRVLWHG ZDV QRW VKRZLQJ DQ\ 7L$O LQWHUPHWDOOLF SKDVH 7L$O LQWHUPHWDOOLF ZDV REVHUYHG RQO\ LQ YHU\ VPDOO
UHJLRQV DQGPDMRUDPRXQWRI7LRU$OZDVREVHUYHGLQRWKHUUHJLRQV,QDGGLWLRQDPXOWLOD\HUILOPRI7LDQG$OZHUH
REVHUYHG 7KH HYDSRUDWLRQUDWHZDVDIIHFWHGWRODUJHUH[WHQW DQG GLIIHUHQWLDOHYDSRUDWLRQRI7LDQG$OZDVREVHUYHG
+HQFHIRU39'SURFHVV LQGLYLGXDOVDPSOHV ZHUH IRXQGWREH D EHWWHU WHFKQLTXHZKHQ FRPSDUHG ZLWKWKH SRZGHU
FRPSDFWHGRQHV
&RQFOXVLRQ
7KH UHDFWLYH WKHUPDO HYDSRUDWLRQ RI LQGLYLGXDO 7L DQG $O VDPSOHV DW D YDFXXP RI [ WRUU ZDV XVHG IRU
REWDLQLQJFRPSRVLWHSKDVHRI7L$O LQ WKHGHSRVLWHG ILOPV $OO WKH ILOPVDUHEHOORZȝP 7KHVWXGLHVFDUULHGRXW
JDYHJURXQGVWRVWDWHWKDWWKHFRDWLQJVGRQHZHUH FKDUDFWHULVWLFVRI7L$OILOPFRQWDLQLQJ7L$OSKDVH 7KH;5'GDWD
RI EXON VDPSOH VKRZV WKDW WKH SHDNV FRUUHVSRQG WR 7L$O 7KHUH LV D JRRG DJUHHPHQW EHWZHHQ WKH ;5' SHDNV
REWDLQHGIRUILOPVDQGWKHDOUHDG\H[LVWLQJGDWDIRU7L$O2SWLFDOPLFURJUDSKRIWKH DVGHSRVLWHGVDPSOHVVKRZVWKDW
FRDWLQJLVXQLIRUPDQGFRQWLQXRXV6RPHRIWKHILOPVVKRZEOLVWHUVDQGSHHOLQJVEHFDXVHRIWKHHQWUDSSHGJDVHVDQG
GLIIHUHQFH LQ WKH FRHIILFLHQW RI WKHUPDO H[SDQVLRQ7KLVZDV REVHUYHG HVSHFLDOO\ LQ JODVV VXEVWUDWHV2Q VWDLQOHVV
VWHHO DQG DOXPLQLXP VXEVWUDWHV WKH DGKHVLRQ LV JRRG +DUGQHVV VWXGLHV VKRZ WKDW KDUGQHVV RI ILOP VXEVWUDWH
FRPSRVLWHVOLJKWO\ LQFUHDVHVZLWK ILOP WKLFNQHVV ,QDGGLWLRQ WKHREVHUYHGPLFURKDUGQHVVJUHZ PRGHUDWHO\ZKHQ
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3HWUL9XRULVWR DQG -RUPD9LKLQHQ ± .XQQRVVDSLWR +LJK3HUIRUPDQFH/DVHU&RDWLQJV IRU0DQXIDFWXULQJ DQG0DLQWHQDQFH RI ,QGXVWULDO
&RPSRQHQWVDQG(TXLSPHQW0DLQWHQDQFH5HVHDUFKLQ)LQODQG
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